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Te-Chang Lee, K.Y. Jan and Tsing-Cheng Wang (1988) Induction of sister 
chromatid exchanges by arsenic in primary rat tracheal epithelial cells. Bull. Inst. Zool., 
Academia Sinica .27(2): 105-110. Arsenic is known to induce sister chromatid exchanges 
(SCEs) in various mammalian fibroblasts and lymphocytes, but there is no report in an 
epithelial cell system. Since airway epithelium is an important toxicological target 
during the exposure to environmental arsenic, we studied the effect of arsenic on 
primary rat tracheal epithelial (RTE) cells. We report that both sodium arsenite 
(trivalent) and sodium arsenate (pentavalent) significantly elevate the frequency of 
SCEs in primary RTE cells in vitro. The trivalent sodium arsenite is >10-fold more 
potent than the pentavalent sodium arsenate. The apparent doubling time for RTE 
cells isolated from a Sprague Dawley strain is 16 hours. Poisson model is found 


applicable to describe the behaviour of SCE rates in RTE cells. 


Key words: 


Penis is a widely distributed environ- 
mental carcinogen (Leonard and Lauwerys, 
1980; Pershagen, 1981). Syrian hamsters 
which are given intratracheal instillations of 
arsenic develop adenomas and carcinoms of 
the lung (Ishinish, et al., 1983; Pershagen, et 
al., 1984; Pershagen and Bjorklund, 1985). 
These results indicate that airway epithelium 
is an important toxicological target during 
the exposure to arsenic. Recently, primary 
rat tracheal epithelial (RTE) cells have been 
used to investigate the chemical carcino- 
genesis in vitro (Thomassen, et al., 1983: Pai, 
et al., 1983: Mass, et al., 1984a, b: Thomas- 
sen, ef al., 1985), because these cells have 
several unique advantages for study of the 
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genotoxic effects of environmental mutagens 
and/or carcinogens (Nettesheim and Barrett, 
1984). Sister chromatid exchange (SCE) is 
a popular and sensitive indicator for detect- 
ing DNA-damaging agents (Latt, 1981: 
Takehisa, 1982). Arsenicals have been re- 
ported to induce SCEs in mammalian fibro- 
blasts and lymphocytes (Zanzoni and Jung, 
1980; Larramendy, et al, 1981; Nakamuro 
and Sayato, 1981; Wen, et al, 1981; Wan, 
et al., 1982), but there is still no report in 
epithelial cells, which are more relevant in 
association with carcinogenesis in vivo. Thus, 
in this communication, we report that both 
trivalent and pentavalent arsenicals can | 
induce SCEs in primary epithelial cells. 
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MATERIALS AND METHODS 


Cell culture 


` Culture method for primary RTE cells 


has been published previously (Wang et 
al, 1987). Briefly, tracheas were surgi- 
cally isolated from 8-week-old male Sprague 
Dawley rats (purchased from Animal Center, 
College of Medicine, National Taiwan Uni- 
versity), and the epithelial cells were disso- 
ciated from the trachea by treating with 
protease (5 mg/ml, Type XIV, Sigma) over- 
night at 4°C. Single RTE cell suspension 
was seeded onto a monolayer of 3T3 cells 
(7X 108 cells per cm?) pretreated with mito- 
mycin C (2 ug/ml for 2h), and incubated 
at 37°C in a humidified air with 5% CO». 
The culture medium for RTE cells was 


Ham’s fl2 (GIBCO) supplemented with 5% 


fetal calf serum (GIBCO), 10 ug/ml insulin 


(Sigma), 5X10-* M hydrocortisone (Sigma), 


25 ng/ml. epidermal growth factor (Coll- 
aborative Research Inc.), 100 units/ml 
penicillin (GIBCO) and 100 ug/ml strepto- 
mycin (GIBCO). 

Cytotoxicity assay 

“In each treatment, 2,000 primary RTE 
cells were plated in a 35-mm petri dish in 
triplicate and incubated overnight. The 
cultures were then treated with various 
concentrations of sodium arseenite (Merck) 
or sodium arsenate (Merck) in complete 
medium for 72h. The media were replaced 
with fresh media without drugs and the 
incubation was continued for another 4 days. 
The colonies were fixed with absolute 
methanol and stained with 10% Giemsa solu- 
tion. The relative survival was calculated 
as follow: (number of colony in treated cul- 
ture/number of colony in control culture) 
X 100. 


SCE analysis 

= The primary RTE cells (5X10°) were 
seeded in a 60-mm petri dish and incubated 
overnight. The cultures were treated with 
various concentrations of sodium arsenite or 
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sodium arsenate for 72h. The media were 
then replaced with fresh media containing 20 
uM bromodeoxyuridine (BrdU, Sigma), and 
the cultures were further incubated in 
the dark for another 32h. Colcemid (final 
0.2 ug/ml, Sigma) was added 3h before 
metaphase cells were harvested. Metaphase 
cells were harvested by trypsinization and 
and air-dried techniques. Sister chromatid 
differential stain of chromosomes was per- 


formed by a modified fluorescence plus 
Giemsa method (Jan, et ali, 1982). At least 
30 second-division cells were randomly 


sampled from each treatment in coded slides 
for scoring of SCE frequency. 


RESULTS AND DISCUSSION 


The cytotoxic effects of sodium arsenite 
(trivalent) and sodium arsenate (pentavalent) 
in primary RTE cells are shown in Fig. 1. 
The doses of arsenite and arsenate that kill 
50% of cells are 3 and 45 uM, respectively. 


These values are consistent with those 
reported in fibroblasts and lymphocytes. 
Furthermore, these results, that trivalent 


arsenite is >10-fold more potent than pen- 
tavalent arsenate, is consistant with the 
findings in Syrian hamster fibroblasts (Lee, 
et al, 1985) and in human lymphocytes 
(Wan, et al, 1982). The reason why tri- 
valent arsenic is more toxic than the pen- 
tavalent form is not clear. It is probably 
due to differences in cellular uptake of the 
two forms of arsenic (Leoman, et al., 1983; 
Vahter and Marafante, 1983). 

The doubling time of RTE cells in 
culture was assessed by the BrdU differential 
chromatid labelling technique described by 
Schneider, et al. (1981). Briefly, the metaphase 
cells were harvested for a series of time 
points after the addition of BrdU. After the 
differential staining of sister chromatids, the 
cell doubling time was then calculated from 
the percentages of first-, second- and third- 
division metaphases. The apparent doubling. 
time of RTE cells under our culture condi- 
tion was determined to be 16h (Fig. 2). 
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Fig. 1. Cytotoxic effect of sodium arsenite and sodium arsenate on rat tracheal epithelial 
cells. Primary rat tracheal epithelial cells were exposed to various concentrations 
of arsenicals for 72 h and then incubated in normal medium for another 4 days. 
The results were the averages of two experiments. The colony-forming efficiency 
of untreated culture was 7.5%. l 
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Fig. 2. Percentages of Ist, 2nd and 3rd division cells in experiments with different 
time intervals for BrdU incubation. o, Ist division metaphase; m, 2nd division 
metaphase; a, 3rd division metaphase. 
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Thus the metaphase cells for SCE analysis 
were harvested after incubating in the pre- 
sence of BrdU for 32h, since SCE examina- 
tion should be done in second-division meta- 
phases. 

Margolin et al. (1986) have demonstrat- 
ed that the induction of SCE in Chinese 
hamster ovary (CHO) cells in vitro is a 
Poisson distribution. Based on that, Gallo- 
way ef al. (1985) have analyzed the signi- 


ficance of SCE induction in CHO cells using. 


trend probability and the numbers of dose 
treatment with significant SCEs. A dose is 
significant for the induction if the SCEs 
raised are more than 20% over the concur- 
rent control in their study. Probability 
values in SCE frequency profile based on 10 
independent control data (Table 1) are signifi- 
cantly higher than 0.01. This indicates that 
the Poisson model is also applicable to 
describe the behaviour of SCEs rate in RTE 


cells. Statistical method proposed by Gallo- 
way et al. (1985) is therefore adapted in 
our report. Since dimethyl sulfoxide ` 


(DMSO) is frequently used as a solvent for 
various chemicals, SCE rate of DMSO is 
also considered as the control data. 

Arsenite at dose levels higher than 1 
uM and arsenate at 12.5 uM induces SCE 
significantly in RTE cells (Fig. 3). Trend 
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probabilities in treatments ` with both 
arsenicals are smaller than 0.005 indicating 
the inductions of SCE are dose dependent 
(Galloway et al., 1985; Margolin et al., 1985). 
Sodium arsenite and sodium arsenate there- 
fore unequvocally - induce positive SCEs in 
primary RTE cells. Only the doses needed 
are more than 10 times higher for sodium 
arsenate. Furthermore, the doses used in 
this report did not cause remarkable cell 
cycle delay (data not shown). Most meta- 
phase cells harvested (more than 87%) have 
completed two cell cycles. Therefore, the 
élevation of SCE frequency was not dus to 
the effects of arsencials on cytokinetics. 

SCE induction may not directly cor- 
relate to carcinogenesis in vivo. However, we 
have previously demonstrated that arsenic 
induces morphological transformation, chro- 


-‘mosome aberrations and SCEs over the same 


dose range in Syrian hamster embryo cells 
(Lee, et al., 1985). Therefore, the results that 
arsenicals can induce SCEs seem more rele-. 
vant in RTE cells than in fibroblasts and 
lymphocytes, in the carcinogenic effect of 
arsenic in respiratory epithelium. Thus, fur- 
ther investigation on whether arsenic could 
induce neoplastic transformation in RTE 
cells is necessary. 


TABLE 1 


_ SCE frequency profile of control data in RTE cells* 


Frequency of cells with SCE | 


T= P 


Mean Vari- 


_counted as indicated > ance 
Experiment Solvent 2 3 4 5 6 7 8 91011121314 (M) (V) V/M (r-1)H Value 
M-1 Medium 2. 6°35? ok. BoB 6.67 5.40 0.81 23.49 0.75 
M-2 Medium 510 6 1 7 1 6.93 2.24 0.34 9.79 >0.99 
M-3 Medium aid ay RSs De ge ea, a l 6.93 6.75 0.97 28.13 0.51 
M-4 Medium 546534 1 1 7.50 4.12 0.55 15.95 0.98 
M-5 Medium 4 3 9 8 i 21 2 7.63 3.55 0.47 13.49 0.99 
D -1 1% DMSO 1 3238731 1 i 8.14 4.21 0.52 14.94 0.99 
D-2 129g DMSO 2 1310 3 1 1 6.70 1.18 0.18 5.22 >0.99 
D-3 1295 DMSO § 910 2 3 1 6.77 1.98 0,29 8.41 >0.99 
D-4 0.59 DMSO 2 5 77 5 4 4,67 2.16 0.46 13.42 0.99 
D-5 0.59% DMSO 1 3 56475 22 1 12 1 6.88 8.68 0.26 7.67 >0.99 
a. P values in the last column are associated with a test based on ‘H’ of the fit of the Poisson model 


on each trial’s SCE counts according to Margolin et al. (1986). 
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Fig. 3. Sister chromatid exchanges induced by sodium arsenite (trivalent) and sodium 
arsenate (pentavalent) in primary tracheal epithelial cells. 
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